We present a supersymmetric model of flavor. A single U(1) gauge group is responsible for both generating the flavor spectrum and communicating supersymmetry breaking to the visible sector. The problem of Flavor Changing Neutral Currents is overcome, in part using an 'Effective Supersymmetry' spectrum among the squarks, with the first two generations very heavy. All masses are generated dynamically and the theory is completely renormalizable. The model contains a simple Froggatt-Nielsen sector and communicates supersymmetry breaking via gauge mediation without requiring a separate messenger sector. By forcing the theory to be consistent with SU(5) Grand Unification, the model predicts a large tan β and a massless up quark. While respecting the experimental bounds on CP violation in the K-system, the model leads to a large enhancement of CP violation in B −B mixing as well as in B decay amplitudes.
1 Introduction of the relevant fermions. A clever choice of charges can produce the correct quark and lepton masses and quark mixing angles, all with couplings of order unity.
These models of fermion masses and GMSB share a number of significant features. Both make use of an additional gauged U(1) symmetry which is spontaneously broken, both contain heavy vector-like quarks and leptons and both contain fields that are singlets under G sm . These similarities are striking and compel one to ask if these two mechanisms can be incorporated efficiently into the same model 2 . There are, however, major differences between the two mechanisms. The biggest difference comes from the fact that in the FN mechanism the vector-like fields and some of the SM fields are charged under the U (1) . If the same were true in GMSB, the squarks would not, in general, be degenerate. However, large contributions to FCNC and CP violation can be suppressed if the first two generations of squarks are very heavy, as in "Effective Supersymmetry" [9, 10] . If the first two generations carry U(1) charges, their scalar components would be heavy due to loop effects, while their fermion masses would be suppressed. Models of this kind have been built with the U(1) anomalies canceled at a high scale by the Green-Schwartz mechanism [9, 11] .
In this article, we present a model that dynamically generates both fermion and scalar masses using a single gauged U(1) which is non-anomalous. In doing so, we employ a modified version of the FN mechanism. We produce the small ratio ǫ ∼ φ M F in a similar fashion. However, the range of small parameters comes predominantly from the use of flavons with different vevs producing different ratios as opposed to different powers of the same ratio. This method requires fewer FN fields (at the cost of requiring more flavons), allowing us to avoid a Landau pole in α s below M GU T . While requiring U(1) charge assignments to be consistent with SU(5), we are able to cancel all gauge anomalies, and we are able to find reasonable fermion mass matrices with fundamental coupling constants of order unity. The spectrum includes a massless up quark, a viable solution to the strong CP problem.
The paper is laid out as follows: Section 2 describes the overall design of the model, the mass spectrum of the scalars and the restrictions on the U(1) charges required for this spectrum. Section 3 describes the fermion mass matrices allowed within these restrictions. Section 4 describes the contributions to FCNC and shows that they fall within experimental bounds. Section 5 describes some interesting cosmological effects of the model, and Section 6 concludes the paper. The Appendix shows why squarks cannot be degenerate in this approach.
Overview
In this section, we describe the overall structure of the model. 2 These similarities were first noted by Arkani-Hamed, et al. [8] . In their article, they indicate some of the problems with identifying the two sectors. These and other problems are addressed in this note. 
Supersymmetry Breaking
The highest scale defined in our model is the one at which supersymmetry breaks. This breaking occurs in the DSB sector at Λ DSB ∼ 10 3 − 10 4 TeV.
This scale is generated dynamically via nonperturbative effects. Because there are currently many types of models in which supersymmetry is known or believed to be broken dynamically [12, 13] , and because we have very few requirements of this sector, we will leave it largely unspecified. However, the sector must contain a global U(1) symmetry which can be identified with a U(1) mess gauge symmetry that communicates supersymmetry breaking to the rest of the model. Once the DSB sector is integrated out, all lower scales will be generated dynamically through radiative effects.
Flavor and the Messengers of Supersymmetry Breaking
In order to naturally produce the small fermion masses of the SM, our model contains Froggatt-Nielsen (FN) fields which are in vector-like representations of G sm . A U(1) F gauge symmetry forbids most of the SM Yukawa couplings. The SM fields 3 (f,f) instead couple to the FN fields (F,F ) and flavons (χ, φ) in the superpotential
where H is a Higgs superfield. The scalar vev of χ produces a mass term for the FN fields. If φ has a scalar component with a vev such that φ ≪ χ , then the low energy description of this theory will contain the superpotential term ∼ φ χ
Hff (see Figure 1 ). Thus a small coupling is produced dynamically from coupling constants of order unity. Different small Yukawa couplings can be produced by flavons with different vevs. The U(1) F charges are chosen so as to produce fermion masses and mixing angles that mimic those experimentally measured 4 .
The DSB sector will also have fields charged under U(1) F . All other matter is assumed to couple to the DSB sector only via the U(1) F . Fields carrying this charge will receive contributions to their scalar masses at two loops. By giving the first two generations non-zero flavor charge, we can produce the Effective Supersymmetry spectrum [10] . The uncharged fields will be lighter and receive their masses at one or two loops below Λ DSB (see Section 2.4). The first two generations are heavy and adequately suppress unwanted contributions to FCNC and CP violation (Section 4).
Flavor Symmetry Breaking
We choose Froggatt-Nielsen fields that are vector-like under G sm and chiral under U(1) F . Their masses at tree-level will be proportional to flavon vevs which break the flavor symmetry. This symmetry breaking is due in part to a Fayet-Iliopoulos (FI) term [15] , ξ 2 , which appears in the U(1) F D-term:
where g F is the gauge coupling and q i are the U(1) F charges. The fields, ψ i represent all charged fields, including both trivial and non-trivial representations of G sm . Provided that i q i vanishes, which is necessary for anomaly cancelation, the FI term only receives finite renormalization proportional to supersymmetry breaking effects. We assume that the fundamental FI term vanishes. Then the effective ξ depends on the DSB spectrum, and is generally an order of magnitude below Λ DSB . At two loops, every scalar with a non-zero q i receives a supersymmetry breaking mass squared proportional to its charge squared [4, 5] 5 . Specifically, the contribution to the effective potential is m 2 i q 2 i |ψ i | 2 , where the DSB sector again determines the exact value of m 2 . Its magnitude will generally be two orders of magnitude below ξ 2 . Thus, after integrating out the DSB sector, the full effective potential looks like
where the ellipsis represent higher dimension supersymmetry breaking terms. The U(1) F D-term has a large number of flat directions. The parameter m 2 comes from the DSB and may have either sign. As we will see in Section ??, the squared masses of the third generation and Higgs scalars come from loop corrections which depend on m 2 . We find we must have m 2 < 0 to keep squark masses positive. This choice of sign introduces runaway flat directions into Eq. 4. These are curbed by the higher dimension supersymmetry breaking terms that we have ignored and by superpotential interactions. We will choose a superpotential and a local minimum that allows us to neglect the higher dimension terms.
How can we generate the appropriate flavon vev hierarchy? One approach is to give vevs only to χ fields at tree level. The φ flavons receive vevs at one or more loops. Assume for instance that the two flavons χ and χ ′ have vevs. The superpotential interaction χχ ′ φ gives a vev to the flavon φ via the diagram (solid and dashed lines represent fermion and scalar fields respectively):
Once φ has a vev, some other flavon φ ′ may receive a vev by means of a similar diagram if it appears in the superpotential interaction χφφ ′ . Such a technique produces a hierarchy of vevs. In the above case, for instance, φ and φ ′ are respectively one loop and two loop factors smaller than χ .
Generating the hierarchy of vevs requires that we assign charges to the flavons that allow the required superpotential interactions. It is also important to prevent any field that transforms non-trivially under SU(5) from acquiring a vev. Finally, additional flavons must be added to the model in order to cancel the U(1) F and U (1) 3 F anomalies. Preliminary calculations have shown that the above approach should yield a viable scalar potential.
Mass Generation: Scalars
As we have seen, all U(1) F charged scalars have masses of at least orderm. Uncharged scalars receive supersymmetry breaking contributions from a number of different sources. Fields that transform non-trivially under G sm receive contributions from two loop diagrams in the low energy theory (below Λ DSB ). Drawing from the results of Poppitz and Trivedi [16] , we find that the leading contribution to the mass of an uncharged scalar at two loops is (up to a group theory factor)
where N is the number of charged Froggatt-Nielsen pairs, i denotes the relevant gauge group, m f is the fermionic mass of the Froggatt-Nielsen fields and ∆m 2 is of the order of the non-holomorphic contribution to the scalar masses (i.e. ∆m 2 ∼m 2 ). The gaugino masses arise at one loop. Using again the results of [16] , we find where we have assumed that F is significantly larger than ∆m 2 . Here χ = M + θθF , where χ is a flavon whose vev gives a mass to FN fields. Thus, m f = M. These results assume F < M 2 , which is the case for our model. In order for the gauginos (and in particular the winos) not to be too light compared to the lightest Higgs, we require that F be within an order of magnitude of M 2 (i.e. ). By choosingm to be about 20 TeV, we find that the light Higgs has a mass near the weak scale.
Uncharged fields with direct superpotential couplings to charged fields receive scalar mass contributions from one-loop graphs containing charged fields (Figure 2 ) of order
where λ is the superpotential coupling. This contribution is approximately an order of magnitude larger than the two-loop contribution above. The mass of an uncharged field may also receive a contribution from a charged field due to U(1) F breaking if the charged and uncharged fields both appear in the same Fterm. For example, let us assume that the superpotential contains ABC +CχD where A, B and C are uncharged and χ and D are charged. If χ has a non-zero vev, the squared masses of the scalar components of A and B receive a contribution proportional to the supersymmetry breaking mass of the scalar component of the charged D field,
Moreover, if an uncharged field appears with a charged field in the same F-term, they may mix due to U(1) F breaking. For example, the F-term contribution to the scalar potential from the field C above is |AB + Dχ| 2 . If both χ and B have non-zero vevs, then A and D would mix. The contributions described in this and the preceding paragraphs are not flavor independent. Thus, degenerate squarks are not a feasible method of avoiding FCNC.
Constraints on Charge Assignments and Couplings
In choosing a Froggatt-Nielsen sector, our desire is to leave intact perhaps the most compelling feature of the Minimal Supersymmetric Standard Model (MSSM), i.e., the unification of gauge coupling constants. To preserve this result, our vector-like FN fields should come in complete SU (5) representations. In addition, U(1) F charges should be assigned to full multiplets. Besides maintaining unification, this allows us to satisfy easily the standard anomaly conditions as well as
where m i are scalar particle masses and Y is ordinary hypercharge. If this equation were not satisfied, the U(1) Y D-term would receive an unwanted Fayet-Iliopoulos term at one loop.
It is well-known that addition of complete SU (5) multiplets to the standard model does not ruin coupling constant unification. In order for the gauge couplings to remain perturbative from one-loop running to the GUT scale, the following inequality must be satisfied:
where n 10 is the number of {10,10} pairs in addition to the standard model fields, and n 5 is the number of additional {5, 5} pairs. Two loop contributions to the beta functions will modify this condition, with two loop gauge contributions generally reducing slightly the number of additional fields allowed and superpotential couplings increasing this number-we will assume the net two-loop effects are not too important. A realistic model of fermion masses that satisfies this condition will have n 10 = 1 and n 5 = 1 or 2. Thus, the particle content of our model includes
• three generations of matter in SU(5) multiplets, {10 • Froggatt-Nielsen fields in vector representations of SU (5),
V l , 5V m }, and possibly {5
• flavons (SU(5) singlets) which have non-zero vevs -some at tree-level (χ), and others at one or more loops (φ), and
• additional fields (A, B, C, . . .) which help produce a 'cascade' of flavon vevs. 6 The SU (5) representations of the Higgs fields are intentionally left unspecified. We do not intend here to build a complete Grand Unified theory, but we wish to allow unification to be possible in the context of our model. We only require that H u and H d contain the standard Higgs doublets. Another major constraint on the charge assignments of these fields comes from the experimental limits on FCNC [2] . There are different ways to constrain squark (and slepton) masses in order to limit supersymmetric contributions to FCNC. One way is to make their masses degenerate, thus suppressing their contribution through a supersymmetric GIM mechanism. Degeneracy is a natural result and thus a virtue of the original GMSB models [3, 4, 5] . In those models, squark and slepton masses are dominated by loop corrections involving flavor-blind G sm couplings. However, the additional structure in our model produces significant flavor dependent contributions to sparticle masses, destroying this degeneracy. Therefore, to suppress FCNC, we instead decouple the problem by making the first two generations heavy [9, 10] . This can be achieved naturally by simply requiring the particles in the first two generations, (10
to have non-zero U(1) F charges. We do find, however, that some level of degeneracy must still exist between the first two generations.
The following observations impose additional constraints on our model:
• To avoid fine tuning, at least one Higgs must have a mass at the weak scale. Therefore, one Higgs must be uncharged (under U(1) F ) and must not have any contact interactions with charged fields.
• The higgsino mass will come from a µ-type term in the superpotential,
Thus, to satisfy the previous condition, both Higgs fields must be uncharged.
• The top quark's Yukawa coupling is of order unity and therefore does not come from the Froggatt-Nielsen mechanism, but from a direct coupling to the Higgs:
where c is the flavor charge and the 3 indicates the generation. We conclude that c = 0 by U(1) F invariance. Note also that c = 0 guarantees that the H u mass contribution is not much larger than the weak scale. 
Fermion masses
We want Yukawa coupling matrices in the low energy effective theory that reproduce the known experimental values of fermion masses and mixing angles. In order to have a model from which the fermion masses of the SM appear naturally, we must produce the small parameters in the Yukawa matrices dynamically. We accomplish this with a modified FN mechanism and a hierarchy of flavon vevs. This section describes the allowed fermion mass matrices.
Framework
The masses of the fermions are generated by superpotential terms like M ij ψ i ψ j , where M ij are the scalar vevs of Higgs or flavon superfields. To construct these superpotential terms, we apply the following guidelines:
• We work in the context of SU(5). This means our U(1) F charge assignments are consistent with SU(5).
• We want the model to be natural. Any superpotential interaction should appear with a coupling constant of order unity.
• The Higgs fields are uncharged. The up-type Higgs can not couple directly to charged fields and the fields it couples to have restricted interactions with charged fields. The third generation 10 is also uncharged.
• The first two generations must be charged in order to avoid large FCNC (this will be shown explicitly).
From the following arguments, we will conclude that the FN sector must include one {10,10} pair and two {5,5} pairs. The model predicts a massless up quark and a large value of tan β.
The masses of up-type quarks come from the superpotential terms:
while those of down-type quarks and leptons come from the terms H d5 10, ϕ1010 and ϕ5 5.
Because of the SU(5) symmetry, the charged lepton mass matrix will be proportional to the down quark mass matrix. Deviations will derive from SU(5) breaking and will depend on the Higgs sector of the (Grand Unified) model. We will assume that this can be done such that the correct lepton masses are predicted, and thus for convenience, we shall speak only in terms of quark masses. The quark content of the SU(5) multiplets are:
where g(= 1, 2, 3, V ) is a generation index, and q is the U(1) F charge of the multiplet. Schematically, the tree-level mass matrices look likē
, where the 6th row and 5th column of the down quark mass matrix represent the optional (5, 5) pair. Now, following the above mentioned guidelines on charge constraints, we can fill in these matrices. Our strategy for avoiding large FCNC requires a, b = 0. Therefore, any field that appears in one of the first two rows of either matrix has a contact interaction with a charged field. However, the up-type Higgs field must not interact with U(1) F -charged particles, so the first two rows of the up matrix will be devoid of Higgs vevs. That matrix
on the viability of a massless up quark, see [17] .
To complete the up matrix, we note that if d = 0, this matrix would have two zero eigenvalues. Since we are confident that the charm mass is not zero, we set d = 0.
Also, the Froggatt-Nielsen fieldū V 0 must interact withūV e through a flavon χ −e to receive a mass χ −e much greater than the weak scale. Butū V 0 must interact with H u as well if the the up matrix has only one zero eigenvalue. To avoid corrections to the up Higgs mass of orderm 4π the fields interacting withū V e must be uncharged. That is, e = 0. Assuming that all allowed couplings exist, we find the up matrix is completely determined and takes the form:
where the fields 10 For convenience, we henceforth set them to zero 7 . This matrix produces the following up-type Yukawa couplings in the low energy theory:
where
The tildes represent the (order 1) couplings that have not yet been included. Now we shall attempt to design a down mass matrix with only one additional {5, 5} pair. First, to prevent a zero eigenvalue, there must be at least one H d entry in one of the first two rows. However, since we wish to produce the small Yukawa couplings of the first two generations dynamically, we place the entry in the 4th column. To do this, we let l = −b (choosing −a would lead to the same conclusions). Examining the first three columns, we see that in order to avoid a zero eigenvalue, at least two of i, j and k must be zero. This is in contradiction with our decoupling strategy for avoiding FCNC, hence ruling out this scenario. One could ask if by setting all i = j = k = 0, these squarks would be degenerate. However (see Appendix), the degeneracy is broken by large flavor-dependent contributions.
We must include two (5, 5) pairs in the FN sector. Making similar arguments as those above, we see our matrix is limited to
where the question marks label undetermined entries. We see that l can be either (−a) or zero, and any of the flavons in the last two rows can be removed.
A Model
We now present a specific example of the above framework that yields the correct quark mass ratios and CKM angles. If the up matrix is fixed, the down mass matrix would still allow many choices. We start by choosing l = −a (l = 0 would work as well). The first four entries of the fourth column of M d are then H d , 0, 0 and 0. We want, for simplicity, to limit the number of flavons appearing in the matrices. Again, we can use the freedom offered by the down mass matrix. We can remove one flavon from each of the first two columns -the entries (6,1) and (5,2) are taken to be 0. We also can take the entries (5,5) and (6,4) to be 0. As for the third column one may ask if one could remove the two flavons in the entries (5,3) and (6,3) since it would not generate a zero eigenvalue. However in such a scenario the value of V ub comes out too small as is explained farther down. We take only entry (6,3) to be 0. The resultant matrices are
and
where the 'λ's and 'µ's are coupling constants of order one that cannot be absorbed by redefining the vevs. Assuming χ ≫ φ and χ ≫ H d , H u , we can integrate out the Froggatt-Nielsen fields, yielding the 3 × 3 fermion mass matrices:
We can now see why the ( 
where ǫ is of the order of the ǫ i in the matrices. Typically, ǫ is less than 0.05. It follows:
If ǫ 3 were 0, that is if there were no entry (5,3) in the 6 × 6 down matrix, V ub would be of order 10 −4 , an order of magnitude too small to meet the experimental range. This short computation also applies to the general form of the down mass matrix. The5 3 field must always interact with one of the 5 V fields. The mass of the right-handed (RH) bottom squark depends on this interaction. If 5 V is charged, the mass of the RH bottom squark would be of orderm 4π . If 5 V is uncharged, the mass of the RH bottom squark would be at the weak scale 8 . It remains to evaluate the orders of magnitude of the different ǫ i s. We find:
FCNC and CP violation
Several new interactions may contribute to K 0 −K 0 mixing and ǫ K , beyond the usual weak interaction contributions. These usually provide the most stringent constraints on supersymmetric models. The potentially largest contribution is from a gluino exchange box diagram:g e wish to compute in the framework of our model the two main contributions to K 0 −K 0 , namely the contribution of the quarks via the usual weak interactions and the contribution from the squarks due to the strong interactions. We work with the specific model described in Section 3.2. In this example, we shall find that the squark contribution to the K S − K L mass difference is small, both because the first two squark generations are heavy, and because the squark mixing angles amongst the first two generations of the down sector are very small [18] . The largest supersymmetric contribution comes from the left handed bottom squark. The phase of this contribution is naturally almost real, and so the contribution to ǫ K is sufficiently small.
To generate CP violation, there must exist at least one complex parameter in the interaction Lagrangian that cannot be made real by redefining fields. The relevant interactions are listed in the up and down mass matrices (16) and (17) . Assuming that all coupling constants and vevs are complex, suitable redefinitions of the fields that do not receive vevs allow us to make some of the entries in the mass matrices real. However, two entries cannot be made real. We can choose these to be the (3,3) and (5,3) entries of the down matrix. The up and down matrices are then (ignoring real coupling constants of order 1)
where η 33 and η 53 are two complex numbers of modulus 1. All of the other variables in the matrices are real. The corresponding superpotential reads
Integrating out the heavy fields, we find the following up and down matrices for the light fermions:
from which we get the CKM matrix:
Only the significant phases have been retained. The phases of η 33 and η 53 are assumed to be of order 1. The remaining entries have phases of order 10 −2 or less. Such a CKM matrix yields reasonable values of ∆m K and ǫ K from the weak interactions.
The contribution of the gluino box to K 0 −K 0 mixing remains to be computed. To compute this requires the squark mass matrix. We consider tree level and one loop mass terms generated by the effective scalar potential.
We assume that all of the flavons appearing in one line or column of the mass matrices are distinct (this is automatically satisfied if all the standard model fields have different charges). This implies that there are no off-diagonal one-loop corrections to the squark mass matrix of order:m Both left-handed squarks (LH) and right-handed squarks (RH) will contribute to these processes. We first consider the case of the LH down squarks, since as we shall see their contribution is the largest. At tree level, the masses of the LH down type squarks come from the hermitian matrix (omitting the vev symbol for clarity):
where we have written only the main contribution to each matrix element. There are other tree level contributions to the masses of the LH down squarks since some mixing occurs with the RH down squarks. However, as we note at the end of the present section, these terms are small and can be ignored for an order of magnitude computation.
As mentioned above, any off-diagonal entry of the mass matrix may receive a one-loop contribution. The correction is of order
The masses appearing in the log are the masses of the heavier scalar particle running in the loop and of its fermionic partner.
Some loop corrections come from known superpotential interactions between SU(5) and flavon fields in (18) . For instance, from the F-terms of5 . We assume that D * D ′ is of the same order as φ χ .
We may now estimate the angles at the squark-quark-gluino vertex with the quarks and squarks taken as mass eigenstates. For the LH quarks, the angles are given by the matrix that diagonalizes M
Off-diagonal elements in the third line and column have the same order one phase. The elements (1,2) and (2,1) have a smaller phase of order 10 −1 . For the squarks, we first integrate out the heavy fields and then rotate the light squark mass matrix. Doing so, we find the following symmetric matrix as an estimate for the rotation matrix: 
The indices i and j refer to the squarks and run from 1 to 3. The index g stands for the gluino, whose mass is at the weak scale (x g ≃ 10 −4 ). Parameters m K , f K and α s are the K mass, K decay constant and strong coupling constant (m K = 490 MeV , f K = 160 MeV and α s (M W ) = 0.12).
Given the above Z LL matrix and takingm ≃ 20 TeV, we find all contributions to ∆m K and ǫ K are within the experimental values. For instance, a LH bottom squark of mass m weak gives a contribution to ∆m K of 10 −13 MeV and to ǫ K of 10 −3 . Other possibilities involving first or second generations squarks give smaller contributions.
The same computation done with the RH down quarks and squarks give the following matrix Z RR (again neglecting left-right mixing):
where all off diagonal entries have a phase of order 1. This matrix gives contributions to ∆m K and ǫ K well below the experimental bounds. We now consider the mixing between LH and RH squarks and confirm that it can be neglected.
At tree level, a mu term µH u H d generates mixing between d 
Similarly, via φ −a , we discover a mixing term between d 1 a anddV 0 could also be generated (with coefficient c a equal to a product of flavon vevs). This would mean that when integrating outdV 0 , the entry (1,2) of Z RR would receive a contribution
The previous analysis could be invalidated if c a and c b were large, causing contributions to FCNC and CP violation beyond experimental bounds. We must constrain the choice of the flavon superpotential. We assume that the vev product D D ′ is of the order of χ φ with a small phase (≃ 10 −2 ) or of the order of φ 2 with a phase of order 1. If so, the orders of magnitude of Z LL and Z RR are unchanged. These restrictions are reasonable since most φ fields do not interact directly with a χ field.
With these restrictions, left-right angles remain small (of the order of 10 −3 or less) except for the mixing angle between d We may conclude that the framework of our model accommodates the current experimental bounds on FCNC and CP violation for the K system. The important point in this analysis was to assume that there were no loop corrections to off-diagonal entries given bym This analysis is applicable to the B-system. The entries in the third column of Z LL are large and with a phase of order 1 and the mass of the left-handed bottom squark is at the weak scale. Therefore, the supersymmetric contribution to CP violation in B −B mixing can be as large as the weak interaction contribution [19] . Also new contributions to CP violating decay amplitudes may arise with significant departures from the SM predictions. As for FCNC phenomena in B physics, the model provides sizeable new contributions to the mixing and the B radiative decays, but always keeping below the experimental results.
Another possible constraint on new sources of CP violation comes from Electric Dipole Moment (EDM) bounds on the neutron and on atoms. Our model contains a massless up quark and thus there is no strong CP violation. Though there are several new sources of CP violation, supersymmetric contributions to EDM's are sufficiently suppressed due to the large mass of the first two superpartner generations.
Some Cosmological Considerations
Supersymmetric models, where the messenger sector is identified with the FroggattNielsen sector and a single U(1) symmetry is used both to give large masses to the first two generations of sfermions and to generate the flavor spectrum, are of considerable interest [20] from the cosmological point of view. Indeed, this class of low energy supersymmetry breaking models naturally predicts (superconducting) cosmic strings [21] . The presence of an Fayet-Iliopoulos D-term ξ 2 induces the spontaneous breakdown of the U(1) gauge symmetry along some field direction in the messenger sector. Let us denote this field direction generically by ϕ and its U(1) charge by q ϕ . In this case local cosmic strings are formed whose mass per unit length is given by µ ∼ ξ 2 [21] . Since ξ is a few orders of magnitude larger than the weak scale, cosmic strings are not very heavy. The crucial point is that some quark and/or the lepton superfields are charged under the U(1) group. Let us focus on one of the sfermion fields, f with generic U(1)-charge q f , such that sign q f = sign q ϕ . The potential for the fields ϕ and f is written as V ( f , ϕ) = q
Conclusion
We have presented a renormalizable model of low energy flavor and supersymmetry breaking in which all mass scales are produced dynamically. A U(1) gauge group mediates large contributions to the masses of the first two generations of scalars, of order 20 TeV, while suppressing the masses of their fermionic partners. Excessive FCNC are successfully avoided, in part, by decoupling the scalars of the first two families. CP violation in the kaon system is also predicted to be within experimental bounds. We are able to produce the observed fermion masses and mixing angles while maintaining perturbative unification of gauge coupling constants at M GUT . However, we did not explicitly construct a complete model of flavon interactions having the correct vacuum, though we have made it plausible that one could be produced.
Our goal was to produce a model in which the sectors responsible for scalar masses and fermion masses could be identified. The resulting model, as an unintended consequence, potentially solves at least two major problems of fundamental physics. First, the model predicts a massless up quark. This is the simplest viable solution to the strong CP problem. Second, the model predicts the existence of light superconducting cosmic strings, which could be the source of the magnetic fields that are observed on the cosmological scale. These strings may also be responsible for the baryon asymmetry of the universe.
Our model suffers from the same 'µ-term' problem that exists in most gauge mediated models [23] . We can naturally generate a µ-term via loop corrections if we include, for example, the terms H u 10 V 10 V , H d1 0 , where χ = M + θθF . As pointed out by Dvali, Pomarol and Giudice [23] , the scalar coupling, B µ H u H d , also appears at one loop with
2 , which is too large for natural electroweak symmetry breaking. It may be possible to adopt the mechanisms of reference [23] to suppress this B µ term, or to produce acceptable µ and B µ terms via the mechanism of ref. [24] .
As the first renormalizable and explicit example of the Effective Supersymmetry [10] 
